The association between apolipoprotein E (apoE) genetic polymorphism and stroke has not been concordant in different racial populations. We investigated the association between apoE genotypes and stroke subtypes by a case-control study in Bangladesh for the first time among south Asian countries.
First-ever-stroke patients (n=227; cerebral infarction, n=147, cerebral hemorrhage, n=80) and 190 controls were recruited from a hospital in Dhaka, Bangladesh.
The diagnosis of stroke was based on CT and clinical findings. Cerebral infarction was classified anatomically into cortical and penetrating region. Infarction in the cortical region was further categorized etiologically into thrombosis and embolism. Cerebral hemorrhage was considered as a whole in all analyses. ApoE genotypes were determined by restriction fragment length polymorphism. In the multivariate conditional logistic regression analysis adjusted for potential confounders both the e 3/E 4 genotype and E 4 carrier conferred an approximately 3-fold increased risk for cerebral thrombosis in the cortical artery region (OR 3.5, 95% CI 1.2 to 10.4 and OR 3.1, 95% CI 1.1 to 9.0, respectively) compared with E 3/E 3 genotype. However, when the analysis was restricted to the elderly (>60 years), e 2 carrier was associated with a risk of hemorrhagic stroke
INTRODUCTION
Stroke is a leading cause of severe disability and mortality in both developed and developing countries 1). It is a complex condition influenced not only by environmental risk factors but also by genetic factors 2,3). Among the potential genetic factors, in this study, we have focused on the apoE genetic polymorphism which plays a crucial role in triglyceride rich lipoprotein catabolism and cholesterol homeostasis 3, 4), and thus in the risk of stroke. Among three codominant alleles of apoE gene ( e 2, E 3 and E 4) the protein products of E 2 and E 4 alleles have separate and opposite influences on plasma lipoprotein concentration with higher total (TC) and low density lipoprotein (LDL-C) cholesterol concentration in * 4, (intermediate in * 3) and lower in e 2 carriers 5-7) .
Several studies documented a positive association between apoE E 4allele and early development of atherosclerosis 8, 9), and ischemic heart disease 10,11) and the association was confinned in both sexes by a meta-analysis 12). In other studies, however, the role of apoE in stroke occurrence yielded conflicting results. Pedro-Botet et al 13) first reported that the variant E 4 of apoE was positively associated with ischemic stroke in men. Afterwards, other case-control studies either disputed 1411; or supported 1121) this finding. For example, Kessler et al 19) found E 2 allele to be more common in the large-vessel atherosclerosis subtype of ischemic stroke in a German population. Of three population based studies one of which 22) detected the protective effect of E 2 in an older population, while the remaining studies 23,24) ) did not identify apo E as a risk factor for over-all stroke. These inconsistencies may be due to population heterogeneity, diversity in stroke classification, different age range, as well as small sample sizes. Of these, diversity in stroke classification renders major difficulty to interpret the results of the studies because stroke is a pathogenically and phenotypically heterogeneous disease with the role of risk factors for a stroke subtype differing from other subtypes. Most of the previous studies failed to subdivide stroke patients according to their pathogenesis. Thus, we conducted a case-control study of stroke with a distinct CT classification in a Bangladeshi hospital so that we could test the hypothesis that the apoE genetic polymorphism was related to stroke differently according to its subtypes.
MATERIALS AND METHODS

Study subjects
The present design was a hospital-based case-control study of stroke. A total of 291 consecutive stroke patients were admitted to the neurology and medicine units, Dhaka Medical College Hospital (DMCH), Dhaka, Bangladesh, during the period from April 1998 through February 1999. DMCH is one of the largest public general hospitals in the country providing easy access to people from all socio-economic classes. Among the stroke patients, CT findings were obtained for 262 patients. Of the CT documented patients, 4 clinically potential cerebral infarction cases failed to demonstrate any lesion on CT scan, 19 suffered recurrent stroke and 12 subjects refused to participate. 227 first-ever-stroke cases were finally recruited in the present study according to the following criteria.
Cases: Stroke patients fulfilling standard World Health Organization criteria 25) for diagnosis with documented CT findings were considered as cases.
The patients were categorized into stroke subtypes on the basis of CT findings, clinical histories and examinations. Cerebral infarction (If low density area on CT image) was categorized anatomically into cortical and penetrating infarctions. Cortical infarction was further classified etiologically into (1) cortical thrombosis, if the onset of stroke had been gradual and in the absence of any source of embolism.; (2) embolism, If either CT image had shown hemorrhagic infarct or sudden onset of focal neurological symptoms had been accompanied by any one of the following sources of embolism: (a) atrial fibrillation on electrocardiogram; (b) presence of heart murmur or carotid bruit assessed clinically, and (c) history of recent myocardial infarction. We failed to assign 6 cortical infarctions into either group and thereby considered them as of undetermined type. 
RESULTS
Participant Characteristics
As depicted in Table 1 , the average age of the cases was lower than that of the controls. The ratio of males to females tended to be higher in cases than in controls. As expected, recognized risk factors, such as personal histories of hypertension, DM, and IHD in the infarction cases and only hypertension in the hemorrhage cases were more prevalent (P<0.01 for any comparisons) than in controls. Family histories of hypertension, IHD, and stroke, and higher skinfolds (P<0.01 for any comparisons) were also more frequent in cases than in controls. Table 2 shows biochemical characteristics and BP levels according to apoE genotype in the control group. TC in E 2/ E 3 genotype (P=0.02) was lower than in E 3/E 3 genotype. However, other biochemical variables, and BP levels were not different among apoE genotypes in controls.
Allele and genotype frequencies
As shown in Table 3 , there was no significant difference in •õ sum of triceps and subscapular skinfold thicknesses.
•ö P<0.05, and •} P<0.01 as compared with the control group. We have failed to assign 6 cortical infarctions in either of the subtypes due to confusion ; Values are row percentages. In some cases , percentages may not sum to 100% due to rounding. No significant difference was observed in the genotype distribution or allele prevalence between the control and any of the case groups. * region supplied by perforating arteries and includes internal capsule and basal ganglion . 
